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A Study of the Effect of Shape of Particle 
on the Mortar-Making Properties 


of Stone Sand 


By A. T. GOLDBECK 


Engineering Director, 
National Crushed Stone Association 


NE of the objections which has been raised 

against stone sand for use as a fine aggregate in 
concrete is the reduced workability of concrete pro- 
duced by the angularity of the particle. Is this a 
valid objection? If so, to what extent: Finally, what 
must be done to produce sand of a better shape? 

A close examination of a number of samples of 
stone sand produced in different plants shows that 
there is a difference in the shape of the particles. 
Sand from some plants is decidedly angular, flat in 
shape and with sharp edges; other sands are more 
cubical, but none of them exhibits much rounding off 
of the edges. In order to study the effect of different 
shapes of particles it is necessary to work with sand 
produced from the same stone using different 
methods of production. In the laboratory for the 
present investigation three methods of production 
were employed, one by the use of a small gyratory 
crusher, a second by the use of a grinder and a third 
by the use of an improvised ball mill. In the prepara- 
tion of the sand in accordance with the three pre- 
ceding methods, 1% to 2 inch stone was first passed 
through a gyratory crusher having an opening of % 
inch. This is a comparatively large reduction in 
size and the product was quite slabby and angular. 
Stone sand was prepared from this product by the 
use of square opening sieves. In order to produce 
stone sand having more cubical fragments, the No. 


1 Presented at the Twenty-first Annual Convention of the National 
Crushed Stone Association at Cincinnati, Ohio, January 24, 1938. 


@ During the past year the research laboratory 
of the Association has been engaged in sev- 
eral investigations of importance to the entire 
crushed stone industry. As a result of one 
series of tests, valuable data have been de- 
veloped concerning the use of stone sand asa 
fine aggregate in concrete. This material was 
reported by Mr. Goldbeck at the recent 
annual convention and is reprinted in the 
following article. 


4 to No. 50 sieve material resulting from the gyra- 
tory crusher was passed through a rotary grinder. 
Although there was a slight tendency to round off 
the edges in the grinder, the principal effect was to 
produce more cubical fragments through the break- 
ing up of the more slabby pieces resulting from the 
crusher. Sand which in these tests is classed as 
rounded, was prepared by mixing together in equal 
portions the % in. to No. 4 material from the gyra- 
tory crusher with the No. 4 to No. 50 mesh material 
resulting from the grinder. This mixture was then 
placed in a small concrete mixer together with a 
large charge of steel slugs. The mixer was rotated 
from 1% to 1% hours with each charge. The result 
was a rounding off of the edges of the particles to 
some extent. 


Method Used for Measuring the 
Shape of Particles 


It is not an easy matter to express the shape of 
particles of sand in understandable terms. There 
is one effect of particle shape, however, which can 
be measured, namely, its influence on the weight per 
unit volume, or on the percentage of voids. Each of 
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the three sands above described, and also a sample of centage of voids determined in the manner above 
Potomac River natural sand was separated into the described. It will be noted that of the stone sands, 


following fractions: 


No. 
No. 


4 to No. 8 
8 to No. 16 


No. 16 to No. 30 
No. 30 to No. 50 


_ NATURAL | 


FIGURE 1. 


TYPICAL SHAPES OF PARTICLES IN SANDS INVESTIGATED. 


The weight per cu. ft. of each of these fractions for 
each of the different kinds of sand was then deter- 
mined in the following manner: 

A cone with a l-inch diameter opening was 
mounted 12% inches above the bottom of a metal 
cylinder 3% inches in diameter and 11% inches high. 
The cone was placed directly over the center of the 
cylinder and was then filled with sand of a given size. 
The sand was then allowed to flow through the cone 
into the cylinder until it was full. The excess was 
then struck off and the weight of sand in the cylinder 
was obtained. Knowing the specific gravity, the 
voids were readily calculated. The average of five 
determinations constituted a test. The maximum 
variation that occurred in any five runs was 0.3 per 
cent from the average. In Table I is shown the per- 


there was a material reduction in percentage of voids 
depending upon the manner in which the sand was 
produced, the more rounded sand having the lowest 
percentage of voids. In Fig. 1 are shown magnified 
views of the sand particles classified as crushed, 
ground, rounded and natural used in the tests. 


TABLE I 
Fraction 4-8 8-16 16-30 30-50 
Per cent Voids 
Stone Sand 
Crushed 53.9 57.9 59.1 59.0 
Ground 49.0 51.9 56.9 59.1 
Rounded 45.7 46.4 47.3 49.5 
Natural River 
Sand 41.7 46.0 48.0 


49. 


3 


For further tests, the four different kinds of sands 
were made up into five different gradations as shown 
in Table II. 

One to two mortar, by weight, was made of the 
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FIGure 2. 


INFLUENCE OF PARTICLE SHAPE AND GRADATION ON PRop- 
ERTIES OF MORTARS. 
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Taste II __ above four kinds of fine aggregates using five dif- ail 
Size = No. 1 2 3 4 5 ferent gradations. This resulted in 20 different mix- G 
Per cent Passing tures. The consistency of all these mixtures was ay. 
4 100 100 100 100 100 ractically alike as determin wee 
16 62.5 63.0 65.0 67.5 68.0 flow of 110 was used and this corresponds roughly 
30 37.5 39.0 41.0 43.5 45.0 to th onsist f j Fe a 
he consistency of a mortar in 1 2:3% concrete 
100 3.0 65 10.0 125 159 having a slump of 2 inches. Test specimens were said 
made up consisting of 2-inch cubes molded in accor- 
| TABLE III 
DATA ON MORTAR TESTS 
Crushed Sand Ground Sand 
1 2 3 4 5 1 2 3 ae 
Gradation: Total per cent passing on . ig 
No. 4 100 100 100 100 100 100 100 100 100 100 
8 92.5 92.5 * 94.0 95.0 96.0 92.5 92.5 94.0 95.0 96.0 
16 62.5 63.0 65.0 67.5 68.0 62.5 63.0 65.0 67.5 68.0 
30 37.5 39.0 41.0 43.5 45.0 37.5 39.0 41.0 43.5 45.0 
50 . 13.0 15.0 17.5 * 20.0 22.5 13.0 15.0 17.5 20.0 22.5 
100 3.0 6.5 10.0 12.5 15.0 3.0 6.5 10.0 12.5 15.0 yal 
F. M. 2.92 2.84 2.72 2.62 2.54 2.92 2.84 ate 2.62 2.54 yr 
Sand .457 .456 .453 453 45 468 .470 .462 -465 
Cement .198 .196 .196 .195 .203 .202 .204 .201 .202 
Water .319 .332 .336 .334 .342 .298 312 311 .318 312 
Air .026 .014 .015 .017 .013 .031 .021 .015 .019 .021 
Ww/C 0.76 0.79 0.81 0.80 0.83 0.69 0.73 0.72 0.75 0.73 
Crushing Strength, lb. per sq. in., 28 days ~ a aoa? 
7500 7740 7180 7580 6830 7780 9080 8710 8670 8S00 
Absorption—Per cent 
8.2 8.7 9.9 11.4 11.0 KA 8.0 8.5 9.9 9.5 
Freezing and Thawing—Per Cent Loss 
10 cycles 2.2 1.0 0:1 12.5 2.3 0.5 0.4 0.2 1.2 5.0 dite 
20 cycles 10.0 8.2 14.7 18.6 10.6 2.9 2.4 5.2 1.4 6.0 a 
30 cycles 21.8 10.7 19.4 25.8 16.7 8.0 2.8 7.0 2.4 6.5 
Rounded Sand Natural Sand 
Gradation: Total per cent passing on 
No. 4 100 100 100 100 100 100° 100 100 100 100 
8 92.5 92.5 94.0 95.0 96.0 92.5 92.5 94.0 95.0 96.0 
| 16 62.5 63.0 65.0 67.5 68.0 62.5 63.0 65.0 67.5 68.0 
30 37.5 39.0 41.0 43.5 45.0 37.5 39.0 41.0 43.5 45.0 
50 13.0 15.0 17.5 20.0 22.5 13.0 15.0 17.5 20.0 22.5 
100 3.0 6.5 10.0 12.5 15.0 3.0 6.5 10.0 12.5 15.0 
F.M. 2.92 2.84 2.712 2.62 2.54 2.92 2.84 2.72 2.62 2.54 
| 1:2 Mortar—Parts per unit volume : 
Sand 486 479 479 475 473 478 474 473 472 469 
Cement 211 208 208 .206 .205 207 206 205 205 204 
Water 287 296 297 305 .300 299 313 320 321 325 
Air .016 .017 .016 .014 .022 .016 .007 .002 .002 .002 
Flow 11.0 10.9 11.0 11.0 13.3 11.0 11.0 11.3 
W/C 0.64 0.67 0.67 0.69 0.69 0.68 0.72 0.73 0.74 0.75 
Crushing Strength, lb. per sq. in., 28 days 
9490 9230 9780 9160 9440 8790 8800 8880 8750 8560 
Absorption—Per cent 
6.4 1.2 8.3 9.6 8.4 7.8 8.2 9.4 12.3 9.9 _ 4 2 
Freezing and Thawing—Per Cent Loss 
10 cycles 0.3 0.2 0.3 8.3 6.0 5.3 7.9 5.0 7.5 13.6 
20 cycles 2.7 it 4.2 10.5 pe! 11.8 18.4 19.7 12.7 18.2 
7.9 2.5 4.9 12.1 8.2 19.9 21.6 24.7 15.9 23.8 


30 cycles 
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dance with Method T71 of the American Association 
of State Highway Officials. 

This method is used for the determination of the 
structural strength of sand. Nine cubes were molded 
from each mix. The cubes were stored in a moist 
room for 24 hours and then in water for 27 days. 
At the age of 28 days these specimens were tested 
for crushing strength, absorption and resistance to 
freezing and thawing. A complete tabulation of the 
data on the mixes and of the test results is given 
in Table III. The results are also shown graphically 
in Fig. 2. 

This figure is very enlightening if studied care- 
fully. Considering first the question of amount of 
water necessary to produce a given consistency 
measured by the so-called water-cement ratio, it is 
quite evident that: 

1. The finer the sand as indicated by a decreasing 
fineness modulus, the higher the water content 
necessary. 

2. The more angular the sand the higher must be 
the water content for a given consistency. 
When a contractor must work with very angular and 
sharp cornered sands containing slabby and needle- 
like pieces, it is clearly indicated that he must use a 
much higher percentage of water than is the case 
with a more rounded sand. 


quan cq 


FIGURE 3. 


Mortar SPECIMENS AFTER 30 CYCLES OF FREEZING AND 
THAWING. 


Evidently, the difference between the limestone 
particles and the siliceous particles of the natural 
sand had some effect on the water-cement ratio which 
at present is unexplainable. 


Referring to the curves for crushing strength, it 
will be observed that considering first the limestone 
sand, the more rounded the sand is, the greater is the 
mortar crushing strength when all the mortars have 
the same consistency. This result is entirely consis- 
tent with the previously mentioned results for water- 
cement ratio. 

Considering absorption of the mortars, the finer the 
gradation in general, the higher is the absorption, 
probably because of the larger amount of mixing 
water used. Furthermore, the more rounded the 
sand, the less becomes the absorption and the denser 
the mix. This result is entirely consistent with the 
calculated densities. 

At the top of Fig. 2 are shown the results of 30 
cycles of freezing and thawing. The specimens after 
freezing and thaw-ng are shown in Fig. 3. It is out- 
standing that an improvement in resistance to freez- 
ing and thawing is made when the particles are im- 
proved in shape, no doubt due to lowered mixing 
water content. 

There is no need to go into any great detail in 
studying these results. They teach a very valuable 
lesson to the producers of stone sand. They show 
that a very decided improvement can be made in 
this product as to amount of water required to obtain 
a given consistency, as to the density of the mortar 
and as to the crushing strength and durability of the 
mortar. Slabby and angular particles which occur 
in many stone sands are undesirable and if pro- 
ducers are interested in producing stone sand having 
entirely satisfactory properties these results point 
to the desirability of using means of production which 
will eliminate flat and needle-like particles and 
which will, to some extent, round off the edges. 

Fortunately, it is not necessary to bring about the 
degree of roundedness produced by prolonged grind- 
ing. Evidently, a marked improvement occurs when 
the flat and angular and sharp, needle-like particles 
are merely broken up and cubical particles are pro- 
duced in their place. Just what is the best means 
for producing this desired result with different kinds 
of stone remains to be determined. It is a produc- 
tion problem and one which is well worthy of dis- 
cussion by stone producers. 

These tests may not be entirely pleasing to pro- 
ducers of stone sand, but it is necessary that they be 
made acquainted with the facts regarding this ma- 
terial. Thus, the proper steps may be taken to effect 
the desired improvement and thereby overcome a 
very considerable opposition to stone sand which 
exists at present. 
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The Occupational Disease Problem in 
the Crushed Stone Industry 


By HENRY D. SAYER 


Manager, Casualty Department, Association of 
Casualty and Surety Executives 


HE problem of compen- 


diseases has in recent years 
assumed a new importance 
to industry. If approached 
wisely.and in a spirit of rea- 
sonableness, it is a problem 
that need cause no undue 
alarm. But some approaches 
to the problem are not such 
as to inspire confidence in 
the wisdom of the proposals, 
nor allay fear of their de- 
structive force. And this 
problem has for the crushed stone industry, in com- 
mon with all open air dusty occupations, a very real 
‘interest and significance. 

Let me say at the outset that the stock insurance 
interest for which I speak has not been and is not 
now opposed to the principle of compensation for 
occupational diseases, if by those diseases is meant 
disabling illnesses arising out of a “trade risk” as dis- 
tinguished from those ordinary human ills that hap- 
pen to all of us and may arise in the course of a 
worker’s employment. No employer, in this age and 
day, can reasonably object to fair compensation for 
the disabilities and deaths due to such trade risks, 
just as they do not today object to making com- 
pensation for disability and death due to injuries by 
accident. 

But between this conception of industry’s responsi- 
bility for industrial disease and the conception of the 
problem displayed by some who advocate what for 
want of a better term is referred to as the “all- 
inclusive” plan, lies a vast gulf, the depth of which 
can hardly be sounded. 

There is a great difference in the method of bring- 
ing occupational diseases under the law. The intelli- 
gent, the reasonable, the effective way is to list in 
the law the diseases that are to be compensated, to- 
gether with a description in very general terms of 


1 Presented at the Twenty-first Annual Convention of the National 
Crushed Stone Association at Cincinnati, Ohio, January 26, 1938. 


sation for occupational - 


@In the field of occupational diseases today’s 
trend seems definitely in the direction of more 
restrictive state legislation. For years Mr. Sayer 
has been in close touch with developments in 
this field and his discussion of the subject, 
with particular reference to the crushed stone 
industry, should prove highly informative. 


the process or work whereby or wherein the disease 
develops. This method, which is followed in many 
states and practically all foreign countries, is certain 
and sure. The worker knows in advance for what ills 
he may be compensated; the employer is apprised of 
the diseases for which he may be held responsible, 
and he may thus adopt reasonable safeguards against 
their happening. 

The all-inclusive method, on the other hand, does 
not mention any specific disease in the law, but 
makes compensable any and all diseases that arise 
out of and in the course of the employment, leaving 
it entirely to the fairness and good judgment of the 
local administrative officers to apply the law to the 
facts in any case. No definition of the term “occu- 
pational disease” is given. The term is well nigh 
indefinable and therein lies most of our trouble. The 
best substitute for an indefinable general term is 
the specific listing of the diseases intended to be 
covered. 

Let us first consider briefly, what is the philosophy 
behind the demand for all-inclusive coverage for oc- 
cupational diseases, and the effect that may reason- 
ably be anticipated from such a law. We may con- 
cede at the outset that those who sincerely contend 
for this form of law really believe that it is prefer- 
able to the more specific form of coverage; that it 
is more certain; that it is less controversial; and that 
it leaves nothing to chance or to inadvertent omis- 
sion. And at the same time they argue that experi- 
ence has not proved that form of law to cost more 
than a small percentage of the cost of compensation 
for accidental injuries. This, they say, is the liberal, 
the progressive way to do it. 

It certainly is liberal—although I think not pro- 
gressive! A blank check given by industry to the 
workers might seem liberal, but it certainly would 
not be progressive,—nor sane. 

Let us see whether we agree with their theory 


ger 
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that it is more certain and less controversial, and, 
therefore, more progressive. Controversy is pro- 
moted by the use of indefinite terms used with an 
undisclosed meaning or intent. That is just com- 
mon sense. 

For instance, the recently amended New York 
law uses the term “any and all occupational diseases” 
in preference to or in addition to the schedule or 
listing of diseases that has been in that law for 
eighteen years. The first controversial question arose 
as to whether the new all-inclusive clause was a 
substitute for or an addition to the schedule. After 
two years of doubt, the court has just answered us. 
It is not a substitute for the schedule. 

The next, and most serious, controversial question 
is involved in the meaning of the term “occupational 
disease.” When we seek from the advocates of such 
language a clear statement of their intent, we get a 
variety of answers. Some say they intend to cover 
any disease that is attributable to the employment; 
while most of them frankly dodge the issue and say, 
anyone knows what an occupational disease is. They 
seem to forget that commissions and courts must 
interpret the law from the language used, and that 
the law must be construed most liberally, regardless 
of its effect on industry. 

Can any disease of any nature be an occupational 
disease, depending only on the supposed source of it 
or the manner by which it arose or was supposed to 
have been aggravated? Such actually is the theory 
of those who propose this method of coverage in the 
law. That means that the law will cover not only 
those truly occupational diseases like silicosis or, 
for instance, lead poisoning or benzol poisoning, but 
it means the law will cover, as well, pneumonia, 
tuberculosis, heart disease, cancer, arthritis, rheu- 
matism, asthma, sinus trouble, sore throat, and, yes, 
the cold, the common cold! And do not laugh off 
the common cold, for industrial health surveys have 
shown it to be the greatest cause of lost time from 
work. These are but a few of the diseases that might 
on occasion be held to be occupational under this all- 
inclusive theory. 

By what test are these common diseases to become 
“occupational” diseases? By what process are they 
to be transformed from an inescapable biological fact 
of life into a disease for which the employment is 
responsible and the employer liable? Very simple! 
By the testimony of the worker, or his fellow 
workers, (and perhaps hearsay at that), to the effect 
that on some occasion or series of occasions the 
worker was exposed to conditions differing from the 


normal,—just as if normal conditions of employment 
or of life could be defined and standardized. After 
sickness has come upon a person, a sickness perhaps 
of advancing years and rightly to be anticipated or 
perhaps of bad personal hygiene, by thinking back, 
a cause is found and laid at the door of industry. No 
two persons react exactly alike to the same condi- 
tions. One person likes heat, another cannot stand 
it; one bears cold without effort or adverse effect, 
another is frozen up and chilled at the wintry blast. 
And so we might go on. But always, after the per- 
son has become sick, a doctor can be found who will 
say that the condition of the employment, whatever 
it was, caused the sickness, and, therefore, the em- 
ployer is called upon directly or through the medium 
of insurance, to pay for the loss of time (often the 
remainder of life) or perchance the death resulting 
from such sickness. 

Is it not the height of effrontery for these little, 
finite minds to attempt to explore the unknowable 
and assume a knowledge of the cause of disease or 
sickness as applied to any given individual, and 
say such or such was the cause for it? How does 
disease come upon us? Some of us think we know. 
But do we? Has the Master of Life fashioned us in 
a pattern whereby someone can trace out in detail 
that pattern and put industry into it in its true rela- 
tionship? Medical science, efficient as it is, confesses 
its inability to break through the surface and tell us 
when and how and why many, many diseases origi- 
nate. 

Apply these considerations to your own trade,— 
the crushed stone industry. You have one great 
disease factor that is generally recognized, namely, 
rock dust. Of that hazard I shall speak in a few 
moments. But under the all-inclusive occupational 
disease plan you have many other disease hazards,— 
perhaps even more costly. In your quarries, in your 
crushing plants, in your delivery systems, whether 
by truck or by scow, your men are exposed to the 
elements of nature. Under the burning sun of sum- 
mer, in the cold blasts of winter, in drafts at all 
seasons, with rain, wind, snow or sleet as the dreary 
accompaniment, they pursue the usual course of their 
employment. We are prone to say of them, as we 
are all sturdy out-of-door workers, that they get 
hardened to it; that they are healthier than we in- 
door workers. Shall we say of them, they have be- 
come mollycoddles since perchance disease over- 
takes them? And shall we then say of the employer 
that he is responsible and must make compensation 
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to them for an ordinary and anticipated result of 
life? It seems to me we should not. 

These are not new thoughts. We have said them 
on occasion before. And we have been accused of 
“terrorizing” industry; we have been accused of be- 
ing alarmists—false alarmists. But we have had 
good authority for our alarm. 

I have mentioned the liberalizing change in the 
New York law. Now see what has happened. 

Less than a year ago, the Appellate Division, on ap- 
peal from an award made by the Industrial Board, 
held by a 3-2 vote that a girl, selling tickets in a mov- 
ing picture theatre, who contracted what she de- 
scribed as blotches or a rash on her legs, had sus- 
tained an occupational disease. .This, she said, was 
due to alternate heating and chilling of her legs when 
she switched on or off a little electric heater in her 
booth. The court said that the law covers any 
disease that may be contracted or contributed to by 
the employment or that originates in and on account 
of the employment. (Goldberg v. 954 Marcy Cor- 
poration, 251 App. Div. 904; also Bishop v. Comer & 
Pollock, 251, App. Div. 492). This far-reaching de- 
cision could mean nothing less than the conditions I 
have just described to you. 

An appeal, however, was taken to the Court of 
Appeals, the court of last resort in New York, and 
the Association of Casualty and Surety Executives, 
recognizing the vast importance of this case to all of 
industry, obtained leave of the court to intervene and 
file a brief on the question. We retained eminent 
counsel, former Justice Frank C. Laughlin, long one 
of our foremost jurists, who presented our views to 
the court. And at this present term of the Court a 
decision was rendered that in unmistakable and most 
forceful language thrust back this threat to industry. 
The Court unanimously refused to concede the 
ground of occupational disease in that case. They 
said that to make every disease that arises out of 
and in the course of employment compensable as 
an occupational disease would be to make the com- 
pensation law “the equivalent of life and health in- 
surance.” The court further said that to be “occu- 
pational” the disease must be one which “results 
from the nature of the employment” and that by 
“nature of the employment” is meant conditions to 
which all employees of a class are subject and which 
attach to the occupation “a hazard which distin- 
guishes it from the usual run of occupations, and is 
in excess of the hazard attending employment in 
general.” (Goldberg v. 954 Marcy Corp. decided Jan. 
11, 1938, 276 N. Y. 313). 


Thus we may say that at one stroke the court 
finally and after more than two years of great un- 
certainty, has eliminated from the law the diseases 
of ordinary life which are only incidentally or specu- 
latively related to the occupation. 

So then falls to the ground the argument of the 
proponents of this sort of legislation that it is more 
certain and all embracing. To my mind the distor- 
tion of law to confer benefits not intended by the 
law creates an army of disappointed litigants, who, 
hopes aroused, are critical of the very legal processes 
by which their claims are bandied about and ulti- 
mately denied. 

I shall not discuss the cost of such all-inclusive 
coverage except to say that no man living can tell 
what the cost would be under a liberal administra- 
tion of it. For nowhere in the country, at no time 
in the history of compensation, has there been a de- 
cision holding such a condition as found in the Gold- 
berg case to be compensable as an occupational 
disease. In such a situation the quotation of statis- 
tics of cost, whether in point or not, misleading and 
inaccurate, can add nothing to the picture that pre- 
sents itself to your intelligence. 

Does this New York situation have any lesson for 
us? It surely does,—and the lesson is that we should 
resist wherever it arises the attempt to write into 
our compensation laws the theory of life and health 
insurance for workers, all at the expense of indus- 
try. Such is not industry’s burden, and the attempt 
to place such a burden on industry can result only in 
its disruption and the creation of conditions of unem- 
ployment. 

This does not mean, and I do not advocate, opposi- 
tion to all laws for compensation for occupational 
diseases. It does mean that if we are to have such 
laws they should be on the specific or schedule plan. 
If we mean lead poisoning among lead workers, it 
is easy to say so. If we mean silicosis, specify it. And 
so of every disease that is characteristic of a particu- 
lar trade or occupation. The schedule in the New 
York law is full and complete and has been in effect 
for many years, and the uncertainty and chaos that 
occurred two years ago in that state were not called 
for by any real legislative need. Since New York 
changed over to the all-inclusive method, however, 
other states have been going in the opposite direc- 
tion and adopting the schedule plan. Thus we find 
Delaware, Pennsylvania, Michigan, Rhode Island 
and Washington adopting schedule laws, while Ohio 
has enlarged its former schedule to include silicosis. 

Illinois and Indiana have, on the other hand, 
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adopted modified plans for all-inclusive coverage. 
They have adopted a so-called definition of occupa- 
tional diseases, in identical language, which is very 
long and cumbersome but which in terms definitely 
excludes the “ordinary diseases of life’”—whatever 
that may mean! Without a statement of the mean- 
ing of the term “ordinary diseases of life,” the whole 
question is still clouded in doubt. 

By all means, let us not complicate further a situa- 
tion that ought to be relatively free of complication. 
The definite listing of the occupational diseases cer- 
tainly takes one of the complicating factors out of 
the problem. 

But your industry has a more specific interest in 
the occupational disease question. I refer to the 
question of silicosis. That disease is one of the most 
truly occupational diseases for those who work in 
or are exposed to fine silica dust. The disease is one 
of the oldest, its ravages having been observed in 
certain industries centuries ago. But the cause of 
the disease, the nature of it, the treatment and the 
prevention of it were little understood until recent 
years. Since about 1929 a vast amount of research 
and study has been devoted to the disease, and while 
we do not know all about it yet, we know enough to 
regard it as a serious industrial problem. Two as- 
pects of the problem relate to prevention by engineer- 
ing control, and medical control. We know that by 
crushing or abrasive action on silica rock a fine 
powdery dust is given off and this creates an inherent 
risk of the business; and we know that all dust can- 
not be eliminated. But by medical opinion we know 
that there are dilute conditions of dust that are 
probably not harmful, and we are told that by en- 
gineering control, intelligently applied, the free 
atmospheric dust can be kept down to those safe 
dilute conditions. 

The hope for the future in dusty occupations is in 
the medical and engineering control, thus aiding in 
the prevention of the disease. It is not my purpose 
to discuss these control measures. I am neither an 
engineer nor a medical man, and the adaptation of 
control measures must be fitted to the particular in- 
dustry. 

But a factor enters into the problem that strikes 
clear across all our medical and engineering plans. 
I refer to the problem of the old worker in the in- 
dustry. And this problem is a particularly difficult 
one, the happy solution for which has not yet been 
found. The old worker presents first a medical prob- 
lem. We are told that ordinarily silicosis does not 
proceed to disablement until after an exposure to 


silica dust of ten or more years, depending upon the 
resistance of the individual and the concentration of 
the dust. But when the characteristic fibrous condi- 
tion of the lungs has developed, it is permanent and 
it is not susceptible of treatment. In fact, many be- 
lieve that in the later stages, the disease prugresses . 
slowly even though the individual is removed en- 
tirely from exposure to dust. 

From these facts arise what have come to be com- 
monly called the “accrued liabilities” in dusty occu- 
pations. By this term we have reference to the 
fact that when a new law becomes effective bringing 
silicosis within its provisions, many men will have 
been working in dust for many years preceding; they 
have already acquired, at a time when the law im- 
posed no special duty upon the employer, an amount 
of lung fibrosis, which is permanent, which may be 
progressive, but which may not at the moment be 
wholly disabling. But it may at any moment become 
disabling. With employment steady and wages good, 
it is much less likely to be disabling than would be 
the case in time of depression and unemployment. 
An insurance carrier or a self-insured employer has 
immediately a potential liability as to all such em- 
ployees. They are not in the true sense insurable. 
The premium charge for the insurance of such a 
potential loss must be approximately the loss value 
of the individual. One can save himself the prob- 
ability of loss from accident by the discharge of the 
accident prone or careless worker. But not so with 
the silicotic. If he is in your employ and is exposed 
to dust after the law imposes this new liability on 
you, you cannot escape that liability by discharge of 
the worker. There must be a different approach to 
the problem than that. 

This question of silicosis was the subject of inten- 
sive study by a large, expert group, gathered in 
Washington under the sponsorship of the Secretary 
of Labor in 1936. Drawn from all groups familiar 
with its problems, including labor, employers, 
doctors, and engineers, the National Silicosis Confer- 
ence devoted more than six months to a study of the 
problem. The reports of the various committees will 
repay your industry’s study. 

In the report of the Insurance-subcommittee ap- 
pears this statement: 


“The peculiar character of silicosis risks creates 
a serious underwriting problem, because of the ex- 
tensive accrued liability existing at the date the law 
goes into effect.” 
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Among the recommendations of the Legal Subcom- 
mittee we find this: 


“The Committee recognizes the desirability from 
a social standpoint of imposing full liability for dis- 
ability or death caused by silicosis, but believes that 
the immediate assumption of full liability by em- 
ployers is not feasible because of the accumulation 
by employees of pathological conditions due to pre- 
vious exposures.” 


Thus we find official recognition of the fact that in- 
dustry cannot be expected to assume at once the full 
burden of the accrued liabilities. 

In the Committee’s recommendations we find: 


“As indicated above, a progressive scale of benefits 
during the transition period would avail to keep in- 
surance costs down during the period immediately 
after the enactment of the law, enable industry to 
operate and provide employment opportunities.” 


What is meant by a scale of limited benefits during 
a transition period? Let us look at New York, at 
Michigan, at Ohio, this latter state being a State 
Fund state, in which private insurance has no part 
and no say. Within two years, each of those states 
has adopted a plan for limiting the total compensa- 
tion for any case of silicosis to a maximum of $3,000, 
by providing that such maximum shall only be paid 
in a case where there has been an exposure under the 
new law of at least four years, and-by starting the 
maximum benefits chargeable to the employer at a 
merely nominal amount for a case of disability oc- 
curring within the first month after the law be- 
comes effective. These benefits increase slightly as 
the exposure under the new law increases. By in- 
creasing the benefits at the rate of $600 for each year 
of exposure, industry is made to take up the burden 
of impairment fairly chargeable to it under the new 
law. 

A necessary corollary of any such plan is preven- 
tion. The workers, taken as a whole, are, we are told, 
more vitally interested in prevention of future con- 
tractions of silicosis than they are in the monetary 
benefits to be paid for old exposures. 

Pennsylvania, on the first of this month, came into 
the number of states having occupational disease 
laws. Not only is that law one containing a schedule 
of diseases covered, but it strikes a new note in the 
method of compensating for silicosis. In the first 
place, it limits the employer’s liability for compensa- 
tion in any case of silicosis to $3,600; and it recog- 
nizes the impossibility of industry taking up the full 


2 


burden of the accrued liabilities all at one time. It 


provides, therefore, that during the first ten years . 


of the law, in any case of disease requiring an ex- 
posure of not less than five years before becoming 
disabling, the liability for compensation shall be 
divided between the employer of the particular em- 
ployee and a special fund to be administered by the 
state and to which employers generally may be called 
upon to contribute. In a case arising during the first 
year, therefore, the immediate employer would be 
called upon to pay one-tenth of the compensation; 
while nine-tenths of it would be assumed by this 
special fund. For each year of exposure thereafter, 
the employer assumes an additional one-tenth and 
the liability of the special fund is decreased by one- 
tenth. By the tenth year, therefore, the immediate 
employer or his insurance carrier would be paying 
the entire compensation subject, however, to the 
limit of $3,600 total. So many complicating details, 
however, are injected into the law that it is not ap- 
parent at this time how effectively this new method 
will function. 

I have not here attempted to cover all of the points 
with regard to an occupational disease law, either for 
occupational diseases generally nor specifically for 
silicosis. Because of the vastly different nature of 
disease with its insidious onset and its frequently un- 
known origin, provisions must be made in any law if 
it is to be intelligently administered and understood 
by industry, that will distinguish it from the usual 
provisions for compensation for accident. Accidents 
happen at definite times in known places and in a 
manner of happening that can usually be described 
and understood. Special provisions, therefore, as to 
the time of notice are important; rules of liability 
must be established as to which employer or em- 
ployers shall be charged with the liability where the 
claimant has worked in different employments; as to 
minimum exposures and for proportioning the com- 
pensation for occupational disease when it contri- 
butes only slightly to some pre-existing non-occupa- 
tional organic disease. Because of the intricate 
medical questions frequently involved, provision 
should be made for expert medical diagnosis, prefer- 
ably by an expert medical board. To go adequately 
into these details would involve much more time 
than would be warranted in this discussion. 

Neither have I gone into the question of cost. Ina 
general way I have referred to the burden of cost 
that may be anticipated from unwise or ill-consid- 
ered legislation. Some of those who would advocate 

(Continued on page 27) 
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Federal-Aid Highway Funds for 


1939 Released 


F PARTICULAR interest to crushed stone pro- 

ducers is the recent action of Secretary Wallace 
of the Department of Agriculture in taking steps tc 
remove the restrictions previously imposed by him, 
at the suggestion of the President, that the submis- 
sion of projects under the 1939 Federal-aid appor- 
tionment be deferred until the President’s recom- 
mendation that such funds be eliminated received 
the further consideration of Congress. Under date of 
March 18 the following letter was addressed by Sec- 
retary Wallace to the governors of all of the states: 


“My dear Governor: 


“On December 31, 1937, I wrote to you trans- 
mitting a copy of the apportionment of Federal- 
aid highway and grade crossing funds authorized 
for the fiscal year 1939. In that letter I called 
your attention to the President’s special message 
to Congress of November 27, 1937, in which he 
recommended the cancellation of the 1939 
authorizations. I also stated that the President 
would appreciate your cooperation, and that of 
your State Highway Department, in deferring 
the submission of projects under the 1939 appor- 
tionment until this matter had received the con- 
sideration of Congress. 

“The President now feels that you should not 
be asked to further delay the submission of the 
road-building projects of your State, and accord- 
ingly I suggest that such projects be now sub- 
mitted in the order of their priority. 

“The cooperation manifested by you and your 
State Highway Department in this matter is 
greatly appreciated. 


“Sincerely yours, 


(Signed) H. A. WALLACE, 
Secretary.” 


With the uncertainty which has existed in the past 
as to whether the President would renew his recom- 
mendation for cancellation of the 1939 fiscal year 
authorization removed by this action of the Secretary 
of Agriculture, definite impetus should be given to 
the highway programs of the various states for the 
current year. 


House Hearings on New Federal-Aid 
Bill Concluded 


Hearings by the House Committee on Roads have 
been concluded on H. R. 8838, introduced by Mr. 
Cartwright of Oklahoma, Chairman of the Commit- 
tee. In present form the bill fails to take into con- 


‘sideration the recommendations contained in the 


Presidential message to Congress on November 27, 
1937, wherein it will be recalled it was proposed that 
“all public road appropriations for the fiscal year 
1940 and for each of the next few succeeding years” 
be limited to not more than $125,000,000 annually. 
Should H. R. 8838 be passed without modification of 
the various grants contained in the bill, the following 
authorizations would be provided for each of the 
fiscal years ending June 30, 1940, and June 30, 1941 
(calendar years 1939 and 1940): 


$ 125,000,000 Federal-aid (to be matched) 
25,000,000 Secondary or feeder roads (to be 
matched) 
50,000,000 Grade crossing eliminations 
14,000,000 Forest highways 
2,500,000 Roads over public lands 
7,500,000 National park roads 
10,000,000 National parkways 
4,000,000 Indian Reservation roads 


$ 238,000,000 


The foregoing authorizations represent a renewal 
of Federal-aid highway grants in the calendar years 
1937 and 1938, and to this extent the bill is a dupli- 
cate of the law now on the statute books. Included 
in the pending bill, however, are two new important 
principles. In Section 11 it is provided that “Any 
sums heretofore or hereafter withheld from the Fed- 
eral-aid road funds apportioned to any State as a 
penalty for diversion of road-user taxes under the 
provisions of Section 12 of the Act approved June 18, 
1934 (48 Stat. 995), shall be reapportioned in the 
same manner as any other unexpended balance at 
the end of the period during which it otherwise 
would be available for expenditure, in accordance 
with the provisions of Section 21 of the Act approved 
November 9, 1931 (42 Stat. 217).” In effect this sec- 

(Continued on page 27) 
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The Correlation of the Los Angeles 
Rattler Test with Service Behavior 


By F. H. JACKSON 


Senior Engineer of Tests, 
Bureau of Public Roads 


RODUCERS of aggre- 
gates are quite prop- 
erly concerned with any 
development in testing pro- 
cedure which may affect the 
specifications under which 
their products pur- 
chased. For this reason a 
summary of the work now 
being done in connection 
with the development of the 
Los Angeles abrasion test 
for quality of coarse aggre- 
gates should be of interest to this group. 

It is not my intention to present a formal paper 
on this subject but rather to discuss very informally 
some of the work which has been done by the Bureau 
of Public Roads and the Highway Research Board 
working in cooperation on the problem. 

A study of the Los Angeles abrasion test has been 
carried as an active project of the Committee on 
Correlation of Research in Mineral Aggregates of the 
Highway Research Board for some time. Under the 
sponsorship of this committee two reports have been 
published, one dealing with comparative tests ob- 
tained in various laboratories' and the other dis- 
cussing the significance of the test results in the light 
of service behavior.’ 

For many years it has been the almost universal 
practice in this country to specify the quality of 
crushed stone used for road construction in terms of 
the well known Deval abrasion test. However, it has 
recently become evident that, in some respects at 
least, this test does not properly evaluate the quality 
of aggregates and, furthermore, that the Los Angeles 
abrasion test, which has been in use for some years 
on the West Coast, appears to possess certain ad- 
vantages which would justify an investigation to de- 


! Proc. a. Annual Meeting, Highway Research Board, Washington, 


D. C., 1936. 
> ote Annual Meeting, Highway Research Board, Washington, 


@ Although the Los Angeles rattler test is not 
new, only recently it has been brought for- 
ward as an important test for aggregates, pri- 
marily because of its excellent agreement with 
service behavior. The U. S. Bureau of Public 
Roads has made an intensive study of this test 


under Mr. Jackson and he speaks with more 


authority and broader knowledge of the value 
of this test than any other engineer in the 
United States. 


termine the feasibility of adopting it as a standard 
test. 

The old Deval test was first used in 1878 in connec- 
tion with some street work in the City of Paris. It 
was devised as a measure of the resistance of stone to 
the wear produced by the iron-tired horse-drawn 
traffic of that day and is not a test for the structural 
strength or impact resistance of the stone. The Los 
Angeles abrasion test, on the other hand, does 
measure impact and structural strength to a much 
more critical degree. It is a much more severe test 
and gives a much wider spread in the results of tests 
for aggregates from various sources than would be 
given by the old Deval test. 

It was originated a few years ago in the laboratory 
of the City of Los Angeles, California, and was 
adopted shortly thereafter by the California High- 
way Department as a standard test. It has been used 
by that State ever since. A few years ago we became 
interested in its possibilities, largely because we were 
commencing to question whether the Deval test did 
indicate in all instances the service behavior of ma- 
terials for certain types of construction, particularly 
the bituminous surface treatment of roads. This led 
us to look into the Los Angeles test, with the creation 
of the special committee to which reference has just 
been made. 

The Los Angeles test has, I think, three distinct ad- 
vantages over the old Deval test. In the first place, 
there is the matter of speed. Tests can be made in 
less than 20 minutes, as compared with 5 hours with 
the old test. Then again, the test seems to be fairly 
independent of such variables as shape and angularity 
of fragments. In other words, it is possible to test all 
types of coarse aggregates by the same procedure and 
possibly set up uniform test limits for all types, some- 
thing we have not been able to do in the past. 
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In applying the Deval test to rounded gravel it is 
necessary to introduce a modification which requires 
that entirely different test limits be set up in specifi- 
cations. This has been a source of considerable mis- 
understanding. Producers of crushed stone have 
been unable to see why, for instance, a percentage of 
wear of 7 would be required for crushed stone and 15 
allowed for gravel for the same type of construction. 
That was necessary, due to the modification of the 
procedure when testing rounded fragments of aggre- 
gate. The new test seems to be quite independent of 


FIGuRE 1. 
Los ANGELES RATTLER. 


this variable, so that we should be able to test crushed 
stone, gravel and slag by this method and obtain re- 
sults which will have, for all three types, about the 
same significance in terms of service behavior. 

The Los Angeles test also has a very distinct advan- 
tage in that it is possible to test the crushed and 
screened material either before or after delivery on 
the job. Under the old test, as you know, it was 
necessary to go back to the quarry and take a sample 
of the ledge stone. Here we are able to test samples 


of crushed and screened material ready for use and 
having approximately the grading specified, which is 
a very distinct.advantage from the standpoint of con- 
trol. 


SOFT ROCK - DOLOMITE SOFT ROCK - SANDSTONE SOFT ROCK - LIMESTONE 


NO 34544 NO. 34630 NO. 34632 
60; 


PERCENTAGE OF WEAR 


HUNDREDS OF REVOLUTIONS 
O-HARD ROCK, *«-S% SOFT ROCK, 410% SOFT ROCK, +-20% SOFT ROCK, O-SOFT ROCK 


FIGURE 2. 
EFFECT OF AMOUNT OF Sort RocK IN SAMPLE. 


Figure 1 is an illustration of the Los Angeles Rat- 
tler. It consists of a hollow cylinder, closed at each 


‘end, 28 inches in diameter and 20 inches long, with 


3%-inch shelf projecting radially from the inside 
surface of the cylinder. An abrasive charge consist- 
ing of 12 cast-iron or steel balls about 2 inches in 
diameter is used with the sample. The function of 
the shelf is to catch the sample, lift it and throw it 
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FIGURE 3. 


RELATION BETWEEN RESULTS OF TESTS IN DEVAL AND 
Los ANGELES MACHINES. 


against the inside face as the cylinder rotates. This, 
as can readily be seen, introduces very markedly 
the element of impact, as well as abrasion, so we 
have a very severe action which results in losses in 
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a small number of revolutions, very much in excess 
of those obtained with the Deval test. The relation- 
ship is not constant, naturally, because we have 
entirely different action, but on the average the 
losses range from 5 to 6 or 10 times as great in the 
Los Angeles test as in the Deval abrasion test. 
Some difficulties were encountered in the standard- 
ization of this test. In the cooperative series re- 
ferred to a moment ago, we found various modifica- 
tions of the procedure in use, particularly with re- 


gard to a number of different ways in which the . 


shelf was mounted. A mounting which provides for 
a shelf belted rigidly to the inside surface of the 
cylinder rather than fastened to the cover is recom- 
mended. 

Tests have been conducted to show the relation 
between losses on material graded up to 1% inches 
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FIGURE 4. 


MaxXIMUM PERCENTAGE OF WEAR IN Los ANGELES TEST 
FOR MATERIAL OF SATISFACTORY SERVICE RECORD. 


*Traffic bound surfacing. 


in size and losses in the same material graded to 
34-inch maximum size. The results obtained were 
fairly consistent, giving about the same loss for one 
grading as for the other, which is an advantage as 
it will allow us to set up the same test limits for the 
two gradings. 

Investigations have also been conducted to show 
the relation between tests on crushed and hand- 
broken fragments of the same stone. Hand-broken 
stone, as you know, is the type which was used in 
the old Deval abrasion test. A fairly definite straight- 
line relation resulted. It was noticed that the 
amount of wear in the crushed rock is slightly 
greater than in the hand-broken stone, which of 
course is perfectly reasonable, particularly in the 
case of those types of stone which tend to crush into 
elongated or flat pieces. 


> 


Figure 2 is of interest in that it shows the effect 
of nonuniformity of quality of material in a sample. 
In each graph the lower curve in each panel shows 
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RELATION BETWEEN LOSSES IN LOS ANGELES TEST AND 
CIRCULAR TRACK (ROLLER) TEST 


(Data from Michigan State College.) 


the relation between the wear and the length of 
run for a material of uniform quality. Under such 
conditions, the wear at the end of 100 revolutions is 
proportional to the wear at 500 revolutions. The 
upper curves represent the results obtained when dif- 
ferent percentages of very much softer material are 
added. It will be noticed that the wear at the end 
of 100 revolutions becomes larger in proportion to 
the wear at 500 revolutions, because, naturally, the 
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RELATION BETWEEN FLEXURAL STRENGTH OF CONCRETE 
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(Data from Georgia State Highway Department.) 


soft material is acted on first; that is, it breaks 
down to dust immediately. That gives us a method 
of determining the effect of soft fragments in a 
given material. In other words we could, for 
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purposes of control, specify for instance that the loss 
at 500 should not be more than 35, and that the loss 
at 100 should not be more than 10, which would 
eliminate the use of materials carrying an exces- 
sive percentage of very soft material. 
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RELATION BETWEEN LOS ANGELES ABRASION LOSS AND 
FLEXURAL STRENGTH OF CONCRETE. 


(Data from Texas State Highway Department.) 


Incidentally,, this procedure has been adopted by 
the California Highway Department and is in use 
by them at the present time for determining whether 
any given aggregate contains an excessive amount of 
very poor material, even though the balance of the 
aggregate in the sample may be entirely satisfactory. 

Figure 3 was prepared sometime ago and is rather 
interesting in showing the average relations between 
the Deval abrasion test for gravel and rock and the 
Los Angeles test. The Los Angeles test is plotted 
horizontally and the Deval test vertically. Although 
individually there is little relation between the two 
tests, when the average results for all the rock are 
plotted as in the lower line and for all the gravel 
as in the upper line, we find that, for a given Los 
Angeles result, gravels average about twice the loss 
in the Deval test as do the crushed stones. That 


illustrates the point that I made just a moment ago, 
that when using the old test it was necessary to set 
up entirely different limits for the two materials, 
but that apparently it is possible to use the same Los 
Angeles test limit for both types, gravel and stone. 
Figure 7 was also prepared sometime ago. It is 


interesting in showing the lack of agreement as far 
as individual tests are concerned, between the old 
Deval test and the Los Angeles test. The results are 
plotted in ascending order of loss in the Los Angeles 
test, and you will note from the legend that the ser- 
vice behavior of the material as determined from in- 
quiry from those who have used it at various times is 
indicated by various symbols. There is one thing that 
I should like to point out particularly. On the ex- 
treme right-hand side of the chart you will note a 
number of materials with losses considerably over 
40 in the Los Angeles test, which are rated as un- 
satisfactory. Some of those materials have Deval 
losses which are no greater than certain materials 
which gave very low Los Angeles results and which 
are reported as entirely satisfactory. That is further 
corroboration of the fact that apparently this test 
measures the service value of material much better 
than the old standard. 

Figure 4 is being published as a part of the formal 
report of the Highway Research Board and repre- 
sents the latest information which we have been able 
to obtain from various states regarding the maximum 
Los Angeles limits which should be imposed in order 
to obtain satisfactory material. Three types of con- 
struction are represented; portland cement concrete, 
bituminous construction such as bituminous concrete 
and penetration macadam, and surface treatment. 

You will note several very interesting points in 
connection with this chart. For instance, there is 
considerable variation between the states. Take the 
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RELATION BETWEEN Los ANGELES ABRASION LOSS AND 
COMPRESSIVE STRENGTH OF CONCRETE. 
(Data from Texas State Highway Department.) 


matter of concrete. Apparently South Carolina is 
getting satisfactory results with material having Los 
Angeles losses running almost to 60 percent. How- 
ever, Ohio reports only 35 percent. That brings me 
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to a matter which I think we should explain quite 
carefully in connection with any discussion of specifi- 
cation limits. The limit which will be imposed for 
any given type of construction will naturally vary 
with local conditions. Economic considerations 
limit the availability of materials of this nature so 
that it is necessary to employ in any case the best 
of the materials which are commercially available. 
That is good engineering and the reports which have 
been so far submitted by the states undoubtedly are 
influenced by this consideration. 


You will note that the average of the various 


states which reported on concrete is about 45 percent. 
The corresponding average in bituminous work is 
about 40 percent, which is about the same as for sur- 
face treatment. In each case the limit shown repre- 
sents the highest value which the State would con- 
sider for the type noted. There might be certain ex- 
ceptions, but in looking over the detailed data (avail- 
able in the Highway Research Board Report), it will 
be found that with very few exceptions the materials 
which are lower than the limits indicated on the chart 
have given satisfactory results in service, and those 
which are higher have proved unsatisfactory. 

I really think that we have right at the moment 
far more factual data on the significance of this test, 
even though it has been in use only for 3 or 4 years, 
than we have ever gotten together in the 40 or 50 
years since the Deval test has been in use. 
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RELATION BETWEEN Los ANGELES ABRASION LOSS AND 
FLEXURAL STRENGTH OF CONCRETE. 


(Data for crushed stone from nine commercial quarries 
in North Carolina.) 


The following figures deal with a little different 
phase of the subject, which I think may be of interest 
to you. They have to do with the results of tests 
which have been made in various state highway de- 
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> 


partments, showing in most cases relations between 
the strength of concrete and the quality of the aggre- 
gate as revealed by the Los Angeles test. I might 
add that at the Bureau we are running now quite a 
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(Data from Pennsylvania State Highway Department.) 


series of tests in an attempt to correlate the Los 
Angeles test with a roller test in the laboratory. In 
this test a segment of a roller is passed across the 
top of a sample of the crushed aggregate and the 
change in gradation of the material measured. This 
work is being done in an effort to determine whether 
the Los Angeles test measures the tendency of ag- 
gregate to crush under a road roller, which of course 
is a very undesirable thing. The National Crushed 
Stone Association has also done some work along this 
particular line. 

Figure 5 shows the results of some tests made at 
Michigan State College along the line that I have 
just mentioned. This test indicates a good correla- 
tion between the loss in the roller test and the loss 
in the Los Angeles test. The values are given at the 
end of 100 passes, 200 passes and 500 passes. The 
higher the loss in the Los Angeles test, the greater 
the loss under the roller. 

Data have been submitted from several sources 
showing the relation between strength of concrete 
and the Los Angeles abrasion loss. Figure 6 gives 
data from the Georgia State Highway Department 
laboratory, in which the results of the Los Angeles 
test are plotted against the modulus of rupture of 
concrete containing various types of aggregate. The 
usual proportions specified by the Georgia State 
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Highway Department for highway concrete paving 
construction were used in these tests. There is a 
fairly definite correlation between the strength of 
the concrete and the results of the Los Angeles test, 
indicating that among other variables the quality of 
the stone as revealed by this test does affect the 
strength. 

Figure 7 shows similar data from the Texas State 
Highway Department laboratory. An interesting 
feature is the difference in the slope of the curve for 
the various mixtures. You will note that the quality 
of the stone as revealed by this test affects the 
strength of the concrete in the richer mixture more 
than in the mixture containing less cement. 

Figure 8 shows data from Texas on compressive 
strength of concrete instead of flexural strength. 
Note that for the same proportion only 4,000-pound 
concrete was obtained with very soft material as 
against over 6,000-pound concrete with the harder 
aggregate. 

The results of a very interesting series of tests 
made by the Bureau about 2 years ago in connection 
with a cooperative investigation with the North 
Carolina State Highway Department are given in 
Figure 9. Aggregates available in North Carolina 
from nine commercial granite and limestone quarries 
are represented. The results indicate a very definite 
relation between flexural strength and Los Angeles 
abrasion loss, particularly for the richer mix, 1% 
barrels of cement per cubic yard. This is the usual 
concrete pavement mix. 

This chart, I think, illustrates very definitely the 
necessity for taking the quality of the coarse aggre- 
gate into consideration when designing concrete. As- 
suming that we want to design a mixture to produce 
concrete having a definite flexural strength, which is 
usually the basis we go on in designing concrete for 
pavement construction, it will be noted that with 
the same cement content the strengths vary from 
450 pounds per square inch to 700 pounds per square 
inch, depending upon the type of aggregate employed 
in the work. This is a variable entirely too important 
to ignore. On the basis of the usual corner formula, 
and assuming a 9,000-pound wheel load, this dif- 
ference in strength represents a difference of 2 inches 
in slab thickness for equivalent load supporting 
capacity. 

In this connection I wish to point out that these 
differences may, of course, be due to other character- 
istics as well as to the quality of the stone as re- 
vealed by the Los Angeles test. Surface texture, ab- 
sorption, possibly angularity, and various things, 


affect the strength. Another point that should be 
brought out is that this relation is not necessarily all- 
inclusive or general. There are certain types of 
stone which give very low results in the Los Angeles 
test which would not necessarily give high flexural 
strength. However, for the aggregates tested in con- 
nection with this particular work, we did find this 
relation. 

Figure 10 shows the results of some tests reported 
by the State of Pennsylvania, giving the relation be- 
tween the Los Angeles test and the percentage of soft 
fragments as determined by the standard test of the 
American Association of State Highway Officials. 
You will see in general that as the Los Angeles test 
increases the percentage of soft fragments in the 
stone also increases. If you go above 35; for instance, 
in the Los Angeles loss, you are apt to have more 
than 6 percent soft fragments in the stone. 

The formal paper on this subject, which has been 
presented to the Board, has this to say in conclusion: 
“Some difficulty was found in attempting to sum-. 
marize the data discussed in this paper. This is due 
to the fact that all states do not have the same range 
in quality of coarse aggregates, and one state with an 
abundance of hard rock will consider certain test 
values for quality as necessary which could not be - 
used by other states. Consequently it must be em- 
phasized that recommendations given here are sub- 
ject to change to suit local conditions. 

“In general, it appears that there is a definite re- 
lation between the loss in the Los Angeles test and 
the service record of materials used in concrete, bitu- 
minous construction and surface treatment. On the 
basis of the data available, the following percentages 
of wear appear to be suitable for use in specifica- 
tions to control the quality of coarse aggregates: 


Portland cement agents ........ 50 percent 
Bituminous surfacing .......... 40 percent 
Surface treatment ............. 40 percent 


“For certain types of stone investigated, definite 
correlations between the loss in the Los Angeles test 
and the strength of concrete are found; the lower the 
percentage of wear, the higher the concrete strength. 
Definite correlations are also found with the results 
of a circular track roller test and a test for soft or 


friable pieces. 


: “In conclusion, it appears that the Los Angeles test 
gives accurate indication of the quality of the ma- 
terial under test, and that its use in specifications 
controlling the acceptance of coarse aggregates is 
warranted.” 
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The Old Lancaster Pike 


By ALBERT C. ROSE 


Senior Highway Engineer, Bureau of Public Roads, 
United States Department of Agriculture 


HE Philadelphia and Lancaster turnpike road 
was the first extensive turnpike road built in 
the United States. It was also the first road in this 


country to be surfaced with crushed stone in accor-. 


dance with pre-determined plans and specifications. 
The road was built by the Philadelphia and Lancaster 
Company, consisting of subscribers incorporated by 
letters patent from the governer of Pennsylvania, by 
virtue of an act of the legislature, passed on April 9, 
1792. It was the first link in the Great Western 
Route to Pittsburgh, 320 miles from Philadelphia. 
The original capital stock amounted to $360,000, made 
up principally of 1,000 shares at $3006 each. This 
amount being insufficient, it became necessary to ap- 
ply a considerable portion of the tolls to the comple- 
tion of the work. The whole expense totaled 
$465,000, which averaged $7,490 a mile. 

The total length of the road, from the west bank 
of the Schuylkill River, opposite Market Street in 
Philadelphia, to the east end of King Street, “where 


PHILADELPHIA te LANCASTER 


TURNPIKE 
= 
PENN SWILWAWN (LA. 


PHILADELPHIA TO LANCASTER 62% MILES ik a 
PHILADELPHIA TO PITTSBURGH 320 MILES Pa Sal 


the buildings cease, in the borough of Lancaster,” 
corresponding to what we today call the town limits, 
was 62% miles. When the milestones, however, were 
placed along the turnpike, the distance was measured 
from a point of origin located at the east side of the 
Schuylkill River. In addition to these milestones, 
there were erected “finger boards” at every road in- 


1 Published through courtesy of American Road Builders Associa- 
tion Features Service. : 


tersection, with the name and distance to the prin- 
cipal town shown thereon. The miles and fractions 
of a mile from the beginning of a road were posted 
on each toll gate together with signs showing the 
rates of toll for various types of vehicles and traffic. 

There were 13 toll gates along the turnpike. Ac- 
cording to the report made in 1808 by Albert Gallatin, 
secretary of the treasury, in the administration of 
Thomas Jefferson, the annual tolls had not exceeded 
more than $25,000 and the annual repairs and ex- 
penses were estimated at $13,000. The favorable bal- 


Type of Conestoga wagon used in making the 320-mile journey 
from Philadelphia to Pittsburgh in 20 days, an average of 16 miles a 
day over rough and mountainous roads. 


ance was completely wiped out and arrears devel- 
oped in later years when the railroad competition 
eclipsed the wagon roads. 

The law required the road to be 50 feet wide and 
in no place to make an angle of 4 degrees with the 
horizon. This is equivalent to what is today known 
as a grade of 7 per cent. The surface width was 24 
feet, all made of “pounded” stone, except the first 
two miles which were covered with gravel. The 
stone was 18 inches deep in the center and 12 inches 
deep at the edge, forming a gradual “arch” or 
crowned surface. The “summer” side road was 13 


feet wide and generally ditched. The road construc- 
tion was commenced in February, 1793, and com- 
pleted in December, 1795. 

' On the east end of the road was the famous “Per- 
manent Bridge” over the Schuylkill River, one of the 
finest bridges in the United States at that time and 
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built by a separate company at a cost of $300,000. 
Near the west extremity there was the nine-arch 
bridge over the Conestoga River built by Abraham 
Witmer. Other splendid stone arch bridges were 


A view of the Eagle Tavern on the Lancaster Turnpike fourteen 
miles from Philadelphia in the 1800s, showing a Concord stage-coach, 


the pullman passenger car of the time and the six-horse Conestoga 
freight wagon. 


built along the road. Today the old Lancaster Pike, 
now known as U. S. Route No. 30, the main line be- 
tween Philadelphia and Pittsburgh, is paved three- 
lanes wide, most of the way, and is featured by mod- 
ern bridges, smooth curves and easy undulating 
grades. As the traveler of today speeds over this 
modern thoroughfare, it is hard to conceive of the 


NORTH QUEEN STREET, IN LANCASTER, 
seen 00 entering from the north. The Court House seen in the distan 


In the right foreground is the office of the pioneer line of stage- 
coaches and opposite on the street corner is the well-known North 
American Hotel with a sign outside advertising canal boat service. 
In 1836 canals, railroads and stage-coaches were rivals for supremacy. 


difficulties encountered by the early pioneers when 
they struggled with their Conestoga wagons across 
the mountains along this route to reach Pittsburgh, 
twenty days distant from Philadelphia. 


An interesting sidelight on this old road is the 
name Conestoga. It originally referred to the Cone- 
stoga Indians who lived along the Conestoga River at 
a location near what is now the town of Lancaster. 
The famous Conestoga wagons came into general use 
in the United States about 1750. They were the prod- 
uct of this section of the country and hence the name 
of Conestoga wagon. When the drivers of these 
wagons wanted a cheap smoke, cigar manufacturers 
of Pittsburgh devised a long thin cigar which they 


This three-lane dual pavement on the old Lancaster Pike, now 
known as U. S. Route 30, makes it possible to travel in comfort the 
sixty-two mile distance from Philadelphia to Lancaster in less than 
two hours. In the early 1800s the stage-coaches, with the horses 
lunging and plunging and covered with lather from their intense 
exertion, made the trip in a day. 


called the Conestoga cigar and the drivers used to 
carry them in their boots. The cigars were long so 
that they would last a long time and they were very 
cheap. The name of these cigars, “Conestogas,” was 
gradually shortened to stogies from which has been 
derived the popular expression “Pittsburgh stogies.” 

It was the Conestoga wagon which established the 
practice of right-hand driving in America. These 
heavy freight vehicles were driven by a man who 
sat on the left wheel horse in order that he might 
have his right hand free to use his whip on the horses 
to the right and ahead of him and, therefore, when 
this vehicle passed another wagon on the road ap- 
proaching from the opposite direction, they would 
pass to the right so they could see if their wheels to 
the left were clear. The deep ruts formed in the 
roads by these wagons were followed by the lighter 
vehicles which followed and gradually the practice 
of right-hand driving was established in America. 

This type of driving, where the driver sat on the 
left wheel horse, was known as the postilion system 
of driving. 
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Earth Vibrations from Quarry Blasts 


By J. R. THOENEN?2 


Supervising Engineer, Nonmetal Mining Section, 
Mining Division, U. S. Bureau of Mines, College 
Park, Md. 


Introduction 


igen proximity of resi- 


quarry operations, or vice 
versa, has been the cause of 
much concern to quarry op- 
erators In many instances 
litigation has been _insti- 
tuted in which the resident 
claims damage to his home 
from vibrations transmitted 
through the ground from 
blasts in the quarry. There 
has been no adequate means 
of accurately measuring 


‘such ground vibrations and evaluating their dam- 


aging effect, if any, on adjacent structures. At the 
request of the quarry industry the Bureau of Mines 
has developed instruments and equipment for the 
measurement of these vibrations and is at present 
engaged in studying their physical characteristics 
and their effect on nearby buildings. ° 

I shall attempt to summarize for you the work of 
the Bureau in this investigation and the results ob- 
tained so far. 


History 


In March 1930, correspondence was initiated be- 
tween Dr. Chas. E. Munroe of the Bureau of Mines 
and Otho M. Graves of the General Crushed Stone 
Company, with the object of starting a major re- 
search into ways and means of settling definitely 
what, if any damage was caused by vibrations from 
quarry blasts. This correspondence culminated pre- 
vious prolonged discussion between explosives manu- 
facturers and stone producers. Early in 1930 a geo- 
physical section was started in the Bureau of which 
Dr. F. W. Lee was the supervising engineer. Dr. 
Munroe recognized the possibility of utilizing geo- 
physical equipment for measuring and recording 


' Presented at the Twenty-first Annual Convention of the National 
Crushed Stone Association at Cincinnati, Ohio, January 24, 1938 
2 Published by permission of the Director, Bureau of Mines. 


dential districts to 


Facts concerning the effects of quarry blasts 
on abutting property are still quite meager and 
it is the purpose of the present investigation 
of the Bureau of Mines to obtain basic infor- 
mation onthisimportantsubject. J.R.Thoenen, 
well-known to our industry, is exceptionally 
qualified to discuss this topic. 


earth vibrations and brought Dr. Lee and Mr. Graves 
together. 

From this beginning work was started under the 
direction of Dr. Lee to develop suitable equipment 
for recording the ground movement caused by the 
seismic wave set up by a quarry blast. This work 
was conducted at Bucknell University under the per- 
sonal direction of Dr. Geo. A. Irland. Development 
progressed slowly because of inadequate funds and 
personnel for continuous study. 

A preliminary survey of the then existing available 
equipment disclosed that no provision had been made 


for accurately calibrating the seismographs or seis- 


mometers already in use. In consequence, consider- 
able confusion existed as to just what function the 
instruments actually recorded, i.e., whether velocity 
or acceleration of ground movement or actual dis- 
placement. In some cases it was demonstrated that 
when once set in motion certain instruments vi- 
brated at their own natural frequency. Seismographs 
used for recording vibrations from earthquakes com- 
monly recorded acceleration of ground movement. 
To convert these records mathematically to displace- 
ment involved a possible error of as much as 100 per- 
cent as Karl Dyk pointed out in 1935." Dr. Lee felt 
that instruments to be used in this work should be so 
constructed as to record ground displacement 
directly without mathematical calculations. In con- 
sequence it was necessary to design and construct 
calibrating or shaking tables which could be made to 
vibrate at accurately known frequencies and ampli- 
tudes at the will of the operator. These were neces- 
sary in order that the seismometers used could be 
checked for the accuracy of their record.‘ 

The design and construction of suitable seismo- 
meters was the next step. This involved a number 
of intricate technical problems. Many were built be- 


* Dyk, Karl, The Reduction of Seismograms Obtained on Shaking 
— Experiments, Bull. Seis. Soc. Am., V. 25, No. 2, Apr., 1935, 


‘Lee, F. W., and Irland, G. A., Construction of Master Mechanical 
Oscillator for Testing Seismic Recorders and other allied apparatus, 
Bureau of Mines, Tech. Pap. 518, 1932, p. 17. 
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fore a satisfactory instrument was obtained. Certain 
features of design were necessary. Since actual 
ground displacement or movement was sought in 
the record it was necessary to use three pick up 
devices or seismometers at each recording point. 


Ficure 1. 
THE VERTICAL SEISMOMETER. 


Two of these recorded the horizontal components of 
motion at right angles and the third recorded the ver- 
tical movement. From these three components the 
actual movement could be computed mathematically 
without appreciable error. The next factor to be 
considered was sensitivity. To be of use in the field 
the seismometers must be readily adjustable to a 
rather wide range of sensitivity in order that read- 
able records could be obtained from blasts of dif- 
ferent magnitude or of the same magnitude at dif- 
ferent distances. Since it was necessary to record 
the vibrations from a single blast at different dis- 
tances simultaneously and since each recording point 
must have three seismometers, a number of seismo- 
meters must be constructed. 

The next step was the design of a suitable method 
of transmitting the motion picked up by the seismo- 
meters to a central point and simultaneously record- 
ing those movements on a moving sheet of photo- 
graphic paper. 

The electrical oscillograph and high frequency 
transmission were utilized to accomplish this re- 
sult. The design of both the seismometers and the 
transmitting and recording equipment have been dis- 
cussed in Bureau publications’ and I shall not at- 
tempt to repeat them here except very sketchily. 

In the finished design the seismometer consists of 
a hinged middle plate swinging between two paral- 


‘Irland, G. A., A Study of Some Seismometers, Bureau of Mines 
Tech. Pap. 556, 1934, p. 48. 
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lel outer plates, all electrically insulated from each 
other. The two outer plates are rigidly connected 
to the frame of the seismometer but the center plate 
is freely suspended between them. The two outer 
plates thus are caused to follow the vibration or 
movement of the ground on which the seismometer 
rests. As they move the distance between one outer 
plate and the center plate is increased while the dis- 
tance between the other outer plate and the center 
one is decreased. As a result the electrical capacities 
between the middle and outer plates are varied in 
proportion to the ground movement. These differ- 
ences in capacities are converted into electrical cur- 
rents by means of a vacuum tube circuit similar in 
many respects to the common radio. The plates of the 
seismometer act as two radio condensers. These 
condensers control the frequency of two vacuum 
tubes or oscillators. Thus any movement of the 
outer plates changes the frequency of both oscil- 
lators but in opposite directions. These two oscil- 
lators are coupled together and adjusted so as to 
synchronize. Any movement of the seismometer 
plates tends to increase or decrease the coupling cur- 
rent between the oscillators. This change in cur- 
rent is proportional to the ground movement but it 
is a high frequency alternating current and as such 
unsatisfactory for use in the oscillograph for record- 
ing purposes. It is converted to direct current by a 
third vacuum tube or rectifier. This direct current is 
then sent over a connecting wire to the oscillograph 
element for actuating a light beam the movement of 
which can be photographically recorded. 

In the oscillograph there are twelve elements all 
of which can be adjusted to direct their light beams 
to a designated point on a moving sheet of photo- 
graphically sensitized paper. In this way a positive 
record is made simultaneously of the impulses re- 
ceived from twelve sources or seismometers. In the 
oscillograph a tuning fork is arranged by which ver- 
tical lines are projected on the paper at intervals of 
one hundredth of a second. By regulating the speed 
of the photographic paper it is possible to change the 
spacing of these timing lines. 

In 1935, suitable calibrating equipment, seismo- 
meters and field equipment had been built and tested 
ready for use. In June 1935 Dr. Lee and the geo- 
physical prospecting work of the Bureau were 
transferred to the U. S. Geological Survey. This 
study of vibrations from quarry blasts, however, 
was considered outside the field of geophysical pros- 
pecting as conducted by the Survey and was retained 
by the Bureau. In July 1935 funds were allotted to 
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the Nonmetal Mining Section and this problem as- 
signed to it for study. 

A field crew was obtained and preliminary tests 
made on the surface over the Bureau’s experimental 
coal mine at Bruceton, Pa. The immediate objective 
of these tests was to familiarize the inexperienced 
field crew in the technique necessary to follow. 

During 1936 the field party spent 8 months in visit- 
ing quarries throughout the south and east, observing 
and recording ground movements from quarry shots. 


This field experience brought to light some mechan- . 


ical defects and indicated ways and means to per- 
fect technique and considerable fundamental in- 
formation was accumulated. The results of this 
work has been published as R. I. 3353, “Earth Vibra- 
tions Caused by Quarry Blasting, Progress Report 
No. 1.” 

In the spring of 1937 an opportunity arose for con- 
tinuing tests in a mine in which many of the trouble- 
some conflicting factors incident to quarry blasting 
could be eliminated entirely or adequately controlled. 
These tests conducted over a period of three months 
resulted in a further accumulation of valuable funda- 
mental data which could be applied to future quarry 
tests. A report of this series of tests is now in manu- 
script form for publication as soon as funds will 
permit. 

Last month further tests were made at the experi- 
mental adit of the Bureau at Mount Weather, Vir- 
ginia. Previous quarry and mine .tests were con- 
cerned primarily with determining the character- 
istics of ground vibrations,—their amplitude, fre- 
quency, and speed of propagation. At Mount 
Weather an attempt was made to directly correlate 
ground vibrations with their effect on a frame struc- 
ture. 

Altogether the series of tests so far outlined have 
involved the recording of over 300 photographic rec- 
ords. These cover vibrations caused by quarry, mine 
and surface blasts, truck and train movements, and 
numerous other mechanical means. Records have 
been made on rock outcrops, overburden, concrete 
cellar floors, first and second floors of different types 
of buildings and on loose rock fill. Blast records were 
made on shots ranging in size from 1/3 pound to 
40,000 pounds and at distances ranging from 75 to 
7400 feet. 

Wherever possible readings were made on iden- 
tical shots for checking purposes. In other instances 
certain factors were held constant and others varied 
in order to study differential effects. 

From all of this you may get some idea of the 


a 


scope covered in these tests and the technical dif- 
ficulties involved in designing and constructing the 
equipment. 


FIGURE 2. 
A TypicaL FIELD SETUP WITH THREE SEISMOMETERS. 


Results of Tests 


It was recognized that the amount of actual ground 
displacement which took place during the entire 
duration of the vibration was one of the first things 
to determine. Preliminary tests showed that the 
maximum displacement might occur at the begin- 
ning of the vibration or it might occur later. This 
necessitated analysis of the relative movement of 
all three components at the same instance over the 
whole duration. For illustration an abnormally 
high peak on the vertical component at a particular 
instant might be coupled with low peaks on the two 
horizontals which combined would give a lower re- 
sultant displacement than the record at another in- 
stant of time in which all three components snould 
average peaks. 

In this study we found that if a single point is 
observed it vibrates in one direction, only an in- 
finitely small fraction of time. In other words, the 
direction of vibration is constantly changing in three 
dimensions. It is fairly easy to draw a straight line 
on a plain piece of paper. Suppose you were asked to 
draw the crookedest possible line in the shortest 
possible time. You can probably visualize the trace 
of your pencil on the paper. However, you have then 
only a movement in two dimensions since the paper 
has no thickness. Imagine that crooked line extended 
to the third dimension and you can visualize the 
motion of a small particle of earth set in vibration 
by a quarry blast. Even that is not the whole pic- 
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ture. A fraction of a second later that same particle 
will be found following an entirely different path 


but just as crooked. 


WBKATION 


INcH 


FIGuRE 3. 


Tue MOTION OF THE PARTICLE DURING A PERIOD OF ONE 
SECOND. 


Quarry Test Results 
Speed of seismic waves in feet per second. 


8000 Maximum 26,300 
Minimum Maximum 

Biotite-gneiss 26,300 

Dolomite 14,700 22,700 
Fiint 12,000 16,000 
Gabbro-diorite 16,000 18,700 
Limestone 8,000 18,900 
Sandstone 11,000 

Trap 15,500 17,000 


Amplitude of seismic wave. 
Minimum 0.000055 inches, 100 lbs. explosive, 


7440 feet. 
Maximum .058 inches, 15,400 lbs. explosive, 617 
feet. 7 
TIME #1 SEC. VERSE 
VIBRATION VIBRATION 
N z 
SCALE - INCH 


Ficure 4. 


Tue MoTIoNn OF THE SAME PARTICLE DURING THE NEXT 
Successive Pertop oF ONE SECOND. 


Frequency of seismic wave. 


“ Outcrops—20 to 80 cycles per second. None be- 
low 20. 


Overburden—4 to 20 cycles per second. Some 
above 20. 

Frequency on outcrop always greater than on 
overburden for equal explosive charge and 
distance. 


Houses—The frequency observed in houses is more 
complicated. In one instance with a station on the 
surface outside the house and another inside but on 
the 2nd floor both stations recorded frequencies rang- 
ing from 20 to 22 cycles per second. 

In another case a concrete basement floor and the 
surface outside both vibrated at 3.3 cycles. 

In a third case the 3rd story floor of a frame build- 
ing vibrated at from 10 to 20 cycles, while the sur- 
face of a stone fill on which the building stood 
vibrated at from 16 to 45 cycles. 

In a fourth test three stations were set up one on 
an outcrop, one on overburden, and one on a con- 
crete apron on platform at the house entrance. The 
three stations were only a few feet apart and the fre- 
quencies were: 


Concrete Apron Overburden Outcrop 
10-15 20 30-50 
15-50 20-50 40-50 


Duration of seismic wave: 
Minimum 0.1 second on outcrop, 335 lbs. explo- 
sive at 565 feet. 
Maximum 8.0 seconds on glacial fill, 13,400 lbs. 
explosive at 2000 to 4000 feet. 


Correlation of Amplitude, Frequency 
and Duration 

In all cases for equal explosive charges and dis- 
tances rock outcrops gave lower amplitudes, higher 
frequencies and shorter duration than overburden. 


Effect of Distance on Amplitude 

Speaking generally and with other variables con- 
stant the amplitude of vibration decreases with in- 
crease in the distance from the shot. 


EXAMPLES 
Rock Charge Distance Station Amplitude 

Biotite-gneiss 11,500 640 Outcrop 0.028 
1100 .016 

Trap 11,000 2500 Overburden 0046 
3000 i .0036 
3600 .0017 

Gabbro-diorite 100 932 29 .0012 
2130 0008 
4160 .00026 
7440 .000055 


In some tests directly opposite results were ob- 
tained. 
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EXAMPLES Effect of Kind of Explosive on Amplitude 
Rock Charge Distance Station Amplitude I t : ibl detect dif 
Limestone 213 1470  Overburden 0.0007 n no quarry test was it possible to detect dif- 
2460 . —_ ferences in amplitude due directly to the use of dif- 
163 1470 .000 : 
. 460 a 028 ferent kinds of explosives. 
rap 6050 4510 e .0018 
000 0035 EXAMPLE 
5960 " .0070 Rock Explosive Distance Amplitude 
Dolomite 936 N. 1710 0.0015 
In another test we found: 900 G. 1730 0016 
Limestone 543 520 Overburden —.009 | 
1000 
Effect of Moisture on Amplitude 
In two tests an attempt was made to compare THOME se tata t 
amplitude direct to amount of explosive charge. All 
other factors were held constant so far as humanly KANT LEON LAN Me 
possible. However, in the first test the ground was AL a 
dry. Following that test heavy rains set in and be- {iM 11} sigan 
fore the second test was made the ground was very rT} TAIT 
wet. The results were as follows: | j 1 | PTT TT 
Rock Station Explosive Distance Amplitude KU 
Limestone Overburden 13,400 2000 0.025 
2540 016 
‘ 3630 0082 FIGURE 5. 
Limestone ig 17,050 2090 021 A PHoTOoGRAPHIC RECORD OF NINE SEISMOMETERS. 
2630 .014 
3720 .008 


Apparently the wet ground damped the wave more 
effectively than the dry ground. 


Effect of Amount of Explosive Charge 
on Amplitude 


In most tests where other factors have been con- 
stant the amplitude has increased with the increase 
in explosive charge. 


EXAMPLE 
Rock Explosive Distanc2 Amplitude 
Dolomite 936 1710 0.0015 
“i 2102 1850 .0031 
3256 1710 .0043 
4056 1610 .0050 
This is not always the case as is shown by 
Flint 183 615 .0018 
330 555 .0020 


Effect of Geographic Direction 
on Amplitude 


In several tests the records showed greater ampli- 
tude in one direction from the shot than in another. 


EXAMPLE (STATIONS ON OUTCROPS) 


Rock Explosive Distance Direction Amplitude 
Gabbro-diorite 1200 1300 S 45° W 0.0046 


1200 1270 S 62° E 0021 


Effect of Thick Overburden on Frequency 


Where stations were set up on overburden known 
to be thick (over 50 feet) the records frequently 
showed high frequencies for short duration followed 
by low frequency for a longer time. 


EXAMPLE 
Rock Charge Distance Overburden Frequency Duration 
Trap 19,500 1350-2330 98-112 30-80 1.0 
Dolomite 4,056 1610-4050 82-121 25-80 0.3-0.7 


5-10 6.0 


However in some instances thick overburden 
showed a characteristic low frequency with pro- 
longed duration without any noticeable high fre- 
quency. 


Rock Charge Distance Overburden Frequency Duration 

Trap 7500 4010 27 28 0.6 
4510 90 6 5.0 
5470 99 6 5.0 


Earthquake Waves versus Waves 
from Quarry Blasts 


Wood and Neumann devised an intensity scale 
for evaluating seismic movement from earthquakes. 
Their scale divided the movement into 12 parts in 
which the acceleration ranged from 2.5 to 10,000 mil- 
limeters per second per second. 


| . 
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I quote the two largest divisions as follows: “11. 
Acceleration 2500 to 5000 mm per sec’. Few, if any, 
masonry structures remain standing. Bridges de- 
stroyed. Broad fissures in ground. Underground 
pipe lines completely out of service. 12. Accelera- 
tion 5000 to 10,000 mm per sec.* Damage total. Waves 
seen on ground surface. Lines of sight and level dis- 
torted. Objects thrown upward into the air.” 

We have calculated the acceleration from several 
quarry shots and determined their position on this 
scale as follows: 


Ac- 
Fre-  celera- 


Ex- Dis- Ampli- quency tion 


Stone plosive tance tude cycles/ mm/ " 
Ibs. ft. Station inches sec. sec.* Scale 
Concrete 
Limestone 250 740 oor 0.0029 30 2600 11 
aan 500 4010 Overburden .0036 28 2800 11 
abbro- 


diorite 1200 1270 Outcrop 0021 50 5200 12 
Dolomite 4056 1610 Overburden .005 40 8030 12 
Flint 348 330 Outcrop .010 50 25000 12+ 

AMPLITUDE INCHES 

i FREIGHT TRAIN 110 2NO STORY FRAME 
BLAST ' 280 OVERBURDEN 
L PASSENGER TRAIN 110 _2NOSTORY FRAME] 
| MAN 4OLBS 10 CONCRETE FLOOR! 
if 1000 4550 CONC.BASEMENT 
MAN TOES 1S CONC FLOOR 
2 280 OVERBURDEN 
l 2 TON TRUCK 30 OVERBURDEN 
FREIGHT TRAIN 2NO STORY 
| TRUCK 30 OVERBURDEN 
L 785 CONC BASEMENT 
| STEAM ENGINE-IN LINE 6 CONC FLOOR 
BLAST 213 2500 2NO STORY FRAME 
Bast 1200 1300 STORY FRAME 
I 4 TON TRUCK 63 47TH STORY FRAME) 
mast. 4 280 OVERBURDEN 
| FREIGHT TRAIN 110 STORY FRAME] 
STEAM ENGINE-AT CONC FLOOR 
2 150 OVERBURDEN 
3e 740 OVERBURDEN 
BLAST 335 1125 OUTCROP 
ast 50 OVERBURDEN 
I ___BLasT 4 OVERBURDEN 
410" Tauce 63 2ND STORY FRAME) 
7TTON TAUCK 63 WD STORY 
11100 3600 OVERBURDEN 
L 7 TOM TRUCK 63 47H STORY FRAME! 
if BLAST 6030 4510 OVERBURDEN 
7. TON TRUCK 63 4TH STORY FRAME! 
7 TON TAUCK 63 SAD STORY Frame! 
| BLAST 203 1090 1ST FLOOR conc] 
L 213 2460 OVERBURDEN 
7 TOW TRUCK 63 2NOSTORY 
230 740 CONC 


300 
station BLAST 2 
17280 1810 CONC BASEMENT 41800 
1300 40:0 OVERBUROEN 
11100 __ 3000 OVERBURDEN 
$100 2700 OVERBURDEN 
100 2300 OVERBURDEN I 
20200 3240 OVERBURDEN 
80 OVERBURDEN 
1200 _OV ERBURDEN 
1200 1240 STORY FRAME 
BLAST 343 OVERBURDEN 
13400 1365 OUTCROP 
28200 2750 OVERBURDEN I 


730_CONC BASEMENT 
80 OVERBURDEN 
3075 OVERBURDEN 


—— 


11880 
“17030-2080 OVERBURDEN 
13400 2000 OVERBUROEN 
11800 640 OuTCROP 

+1300 1650 OVERBURDEN 
BLAST 19400 617 OVERBURDEN 


=e 


FIGcure 6. 


A COMPARISON OF AMPLITUDES ORIGINATING FROM 
DIFFERENT SOURCES OF IMPULSE. 
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It is obvious that this scale cannot. be used to 
evaluate vibrations from quarry blasts. 

The reason is that whereas earthquake waves have 
large amplitudes (1 to 2 or more inches) their fre- 
quency is low (% to 1 cycle per second). Seismic 
waves from quarry blasts however have frequencies 
ranging from 10 to 50 or more but amplitudes are 
measured in thousandths of an inch. 


Results of Tests in Limestone Mine 


Mine tests were designed so that many of the 
variable factors present in quarry shooting could be 
entirely eliminated or their effects closely evalu- 
ated. 

To eliminate variables, tests were run as follows 
(recording stations were identical in all tests): 


1. With holes drilled to break and others with too 
great a burden. Holes that broke gave less vibra- 
tion than those drilled blind. This indicated all 
comparable shots must be made in holes which did 
not break. 

2. With tamped and untamped holes. In all our 
tests we were unable to distinguish between tamped 
and untamped holes as measured by the vibrational 
effect. 

3. Change of shape of explosive charge had no 
effect on the seismic wave. 

4. Shots made in isolated pillars gave similar fre- 
quencies, amplitudes and speed of propagation as 
those made in a rib continuous to the recording sta- 
tion. There was evidenced however a decided dii- 
ference in the shape of the waves recorded. In fact 
as this matter of wave shape was studied more in- 
tensively we found that the position of a shot in the 
mine could be identified from the wave shape of the 
record. 

5. When multiple shots were made from the same 
place but delayed by intervals of 2 to 5 thousandths 
seconds there was no evidence of synchronism and 
magnified amplitudes. In all cases of such delayed 
shots the maximum amplitude recorded was never 
greater than the maximum from a single shot of the 
same explosive charge. 

6. Comparisons were made with ten explosives 
of different physical characteristics. No definite con- 
clusions could be drawn from these tests although 
they indicated that explosives with a high detonating 
speed tended to give greater vibrational effects. This 
is only a tentative opinion however. 

7. Tests made between explosives of different per- 
centage strengths resulted in no definite conclusions 
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although there was some evidence that the stronger 
explosives gave more vibrational effect. 

8. Under controlled conditions in the mine it was 
definitely determined that amplitude did decrease 
with increase in distance from the shot. The decrease 
is rapid at first but rather slow at greater distance. 

9. Amplitude increases with weight of explosive 
charge but not in direct ratio. The increase is com- 
paratively rapid with the smaller sized shots but is 
less between larger shots. 

10. Any mathematical formula to express the rela- 
tion between amplitude, distance, and weight of ex- 
plosive charge is as yet impossible of computation. 
Constants must be determined to fit different kinds 
of rock, stratigraphic conditions, and possibly the 
puysical characteristics of the explosives themselves. 


Epitor’s Note—Mr. Thoenen then spoke extempo- 
raneously giving some data on tests made at the 
Bureau of Mines Experimental Adit at Mount 
Weather, Va., in which blasts were set off in the Adit 
in increasing amounts until the plaster in a building 
on the surface about the adit heading was cracked as 
a direct result of the ground movement. Resuits of 
those tests will be published upon completion of the 
field work. 


The Occupational Disease Problem in 
Crushed Stone Industry 


(Continued from page 11) 


the all-inclusive method of coverage and the unlim- 
ited benefits for silicosis, including all of the ac- 
crued liabilities, would have you believe that the cost 
will be merely nominal. If I believed that I would not 
be here. When they tell you we must prove the cost 
of such unlimited coverage, they know that there are 
no figures available for such coverage and no statis- 
tics worthy of acceptance. Certainly figures of cost 
that have been quoted as to undeveloped experience 
of years back, are of no value whatsoever as a crite- 
rion for the cost that would be involved in any such 
scheme as is now proposed. The German experience 
gives us the most recent available data as to the rela- 
tive cost of accidents and sickness among workers. 
The report for 1936 of the German Social Insurance 
Funds indicates that the benefits for non-occupational 
sickness among workers were seven times greater 
than the entire cost for lost time and deaths due to 
accidents and occupational diseases. Common expe- 
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rience tells us that many more persons contract ill- 
ness than suffer accidents. 

Should we not accept such common knowledge and 
experience as a better guide to a sound policy with 
respect to occupational disease compensation? Must 
we not keep ever before us the fact that we are first 
of all establishing a rule of employer’s liability? If 
industry is not to be confused; if employment is to 
be encouraged and made continuous; if our laws are 
to be based on the principle of the greatest good, then 


‘must we establish the rule of reason and of sound 


judgment. If these principles are followed, we need 
not fear the future development of legislation for 
compensation for occupational diseases. 


Federal-Aid Highway Funds for 
1939 Released 


(Continued from page 12) 


tion would make available for further distribution 
any funds withheld in accord with the Hayden-Cart- 
wright Act of 1934. Congress thus clearly indicates 
its opposition to diversion by states of funds accru- 
ing from taxes upon the highway user when such 
funds were originally designed to be used exclusively 
for the construction and maintenance of highways 
and streets. 

Section 12 of H. R. 8838 provides: “That after two 
years following the approval of this Act, the Secre- 
tary of Agriculture shall not approve any project 
submitted by any State under the authorizations 
made in Sections 1, 2, and 3 hereof, unless and until, 
in the interest of safety, he shall find with respect to 
such State that it has enacted and is enforcing the 
major requirements of what, in the judgment of the 
Secretary, constitutes an adequate uniform code for 
safety in the operation of motor vehicles, particularly 
with respect to the licensing of drivers and the op- 
eration of such vehicles.” Congress thus recognizes 
the necessity of taking steps to reduce the excessively 
high volume of highway accidents. 

In view of the fact that 44 state legislatures will 
meet during the first week in January 1939 and the 
realization that these legislatures must have exact 
knowledge concerning the degree of Federal par- 
ticipation in planning their own programs, it would 
seem reasonably certain that Congress will enact 
Federal-aid highway legislation for the calendar 
years 1939 and 1940 before the present session is ad- 
journed. 
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MANUFACTURERS’ DIVISION of the 
NATIONAL CRUSHED STONE ASSOCIATION 


These associate members are morally and financially aiding the Association in its efforts to 
protect and advance the interests of the crushed stone industry. Please give them favorable 
consideration whenever possible. 


Allis-Chalmers Mfg. Co. 
Milwaukee, Wis. 
Crushing, Screening, Washing, Grinding, 
Cement Machinery; Motors; Texrope 
Drives; Centrifugal Pumps; Tractors 


American Bitumuls Co. 
200 Bush St., San Francisco, Calif. 
Bitumuls—Hot and cold mixes, Penetration 
and Stabilization 


American Cyanamid & Chemical Corp. 
Explosives Department 
Koppers Building, Pittsburgh, Pa. 
Explosives and Blasting Supplies 


American Manganese Steel Division of the 
American Brake Shoe and Foundry Co. 
389 E. 14th St., Chicago Heights, Ill. 
Manganese Steel Castings, Renewable Lip 
Dippers 


Atlas Powder Co. 
Wilmington, Del. 
Industrial Explosives and Blasting Supplies 
Earle C. Bacon, Inc. 
17 John St., New York City 
Primary and Secondary Crushers, Rolls, 
Screens, Elevators, Conveyors—Complete 
Plants designed and equipped. 
The Barrett Co. 
40 Rector Street, New York City 
Tarvia and Tarvia-lithic for Road Construc- 
tion, Repair and Maintenance 
Blaw-Knox Company 
Blawnox, Pennsylvania 
Trukmizers, Agitators, Shrink Mixers, Clam- 
shell Buckets, Storage Bins, Batcher Plants, 
Measuring Batchers, Ready- Mixed Concrete 
Plants, Trukmixer Loading Plants 
Brooks Equipment and Mfg. Co. 
408-10 Davenport Road, Knoxville, Tenn. 
C. G. Buchanan Crushing Machinery Divi- 
sion of the Birdsboro Steel Foundry and 
Machine Co. 
90 West Street, New York City 


Primary, Secondary and Finishing Crushers 
and Rolls 


Bucyrus-Erie Co. 
South Milwaukee, Wis. 
Excavating, Drilling and Material Handling 
Equipment 
Caterpillar Tractor Co. 
Peoria, Illinois 
Manufacturers of Diesel and Gasoline Track 
Type Tractors, Road Machinery, Diesel 
Power Units 
Cross Engineering Co. 
Carbondale, Pa. 
Screen Plates and Sections, Perforated Metal 


Dempster Brothers, Inc. 
Box 3063, Knoxville, Tenn. 
empste 
umpst 


E. I. du Pont de Nemours & Co., Inc. 

Wilmington, Del. 

Explosives and Blasting Accessories 

Easton Car and Construction Co. 

Easton, Pa. 

Quarry Cars, Truck Bodies and Trailers 

Electric Heaters for Tar, Asphalt or Bitumen 

Ensign-Bickford Co. 

Simsbury, Conn. 

Cordeau-Bickford Detonating Fuse and 
Safety Fuse 

Frog, Switch & Mfg. Co. 

Carlisle, Pa. 

Manganese Steel Department—Manufactur- 

ers of “Indian Brand” Manganese Steel Cast- 

ings for Frogs, Switches and Crossings, Jaw 
and Gyratory Crushers, Cement Mill, Min- 
ing Machinery, etc., Steam Shovel Parts 
General Electric Co. 
1 River Road, Schenectady, N. Y. 
Electric Motors 
Goodyear Tire & Rubber Co. 

Akron, Ohio 

Belting (Conveyor, Elevator, Transmission) , 
Hose (Air, Water, Steam, Suction, Mis- 
cellaneous), Chute Lining (Rubber) 

Gruendler Crusher and Pulverizer Co. 

2915 N. Market St., St. Louis, Mo. 

Rock and Gravel Crushing and Screening 
Plants, Jaw Crushers, Roll Crushers, 
Hammer Mills, Lime Pulverizers 

Hardinge Co., Inc. 

York, Pa. 

Scrubbers, Pulverizers, Dryers 
Harnischfeger Corp. 

4400 West National Ave., Milwaukee, Wis. 

A complete line of Power Excavating 
Equipment, Overhead Cranes, Hoists, 
Smoothare Welders, Welding Rod, Motors 
and Generators 

Hayward Co. 

50 Church Street, New York City 

Orange Peel Buckets, Clam Shell Buckets, 
Drag’ Line Buckets, Electric Motor 
Buckets, Automatic Take-up Reels 

Hendrick Mfg. Co 

Carbondale, Pa. 

Perforated Metal Screens, Perforated Plates 
for Vibrating and Shaking Screens, Ele- 
vator Buckets, Hendrick Vibrating Screens 

Hercules Powder Co. 
Wilmington, Del. 
Explosives and Blasting Supplies 
Illinois Powder Mfg. Co. 
1752 Pierce Bldg., St. Louis, Mo. 
Gold Medal Explosives 
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The Jeffrey Mfg. Co. 
Columbus, Ohio 
Material Handling Machinery, Crushers, 
Pulverizers, Screens, Chains 


Kennedy-Van Saun Mfg. and Eng. Corp. 
2 Park Ave., New York City 

Material Handling Machinery—Crushers, 
Pulverizers, Vibrating Screens 


Kensington Steel Co. 
505 Kensington Ave., Chicago, Il. 
Manganese Steel Castings, Dipper Teeth, 
Crawler Treads, Jaw Plates, Concaves and 
Hammers 
Koehring Co. 
3026 W. Concordia Ave., Milwaukee, Wis. 
Mixers, Pavers, Shovels, Cranes, Draglines, 
Dumptors, Traildumps, Mud-Jacks 
Koppel Division, Pressed Steel Car Co., Inc. 
2515 Grant Bldg., Pittsburgh, Pa. 
Air Dump Cars, Quarry Cars, and Portable 
Railway Materials 
Lima Locomotive Works, Inc. 
Shovel and Crane Division 
1108 Lima Trust Bldg., Lima, Ohio 
Power Shovels, Draglines and Cranes 
Link-Belt Co. 
300 West Pershing Road, Chicago, Ill. 
Screening, Washing, Conveying Equipment 


Ludlow-Saylor Wire Co. 


‘Newstead Ave. & Wabash R. R., St. Louis, Mo. 


Woven Wire Screens and Wire Cloth of 
Super-Loy, Manga-Loy and all commer- 
cial alloys and metals 


Marion Steam Shovel Co. 
Marion, Ohio 
A Complete Line of Power Shovels, Drag- 
lines and Cranes 


McLanahan and Stone Corp. . 
Hollidaysburg, Pennsylvania 


The National Supply Co. of Delaware, 
Superior Engine Division, 
1401 Sheridan Ave., Springfield, Ohio 
Diesel engine equipment 


Nordberg Mfg. Co. 

Milwaukee, Wis. 

Cone Crushers, Vibrating Screens, Classi- 
fiers, Diesel Engines, Steam Engines, 
Compressors, Mine Hoists, Underground 
Shovels, Track Maintenance Tools 


Northern Blower Co. 
6409 Barberton Ave., Cleveland, Ohio 
Dust Collecting Systems, Fans—Exhaust 
and Blowers 


Northwest Engineering Co. 
28 E. Jackson Blvd., Chicago, Tl. 


The Osgood Co. 
Marion, Ohio 
Shovels: Power: Gasoline, Diesel, Electric, 
Steam, Draglines, Clamshells, Cranes 


Peoria Steel and Wire Co., Inc. 
Box 52, Peoria, Ili. 
“Paramount Spreaders”—for applying lime- 
stone for soil correction and improvement 
and powdered asphalt, crushed stone and 
like materials on streets and highways 


Pioneer Engineering Works, Inc. formerly 
Pioneer Gravel Equipment Mfg. Co. 
1515 Central Ave., N. E., Minneapolis, Minn. 
Jaw Crushers, Roll Crushers, Horizontal 
Gradation Screens, Inclined Vibrating 
Screens, Revolving Screens, Belt Convey- 
ors, Belt Conveyor Units, Quarry and 
Rock Plants 
Pit and Quarry Publications 
538 South Clark St., Chicago, Ill. 
Pit and Quarry, Pit and Quarry Handbook, 
Pit and Quarry Directory 
Robins Conveying Belt Co. 
15 Park Row, New York City 
Belt Conveyors, Bucket Elevators, Gyrex 
and Vibrex Screens, Feeders, Design and 
Construction of Complete Plants 
Rock Products 
205 West Wacker Drive, Chicago, Ill. 
Ross Screen and Feeder Co. 
19 Rector St., New York City 
Ross Patent Chain Feeders for Feed Control 
of All Sizes Rock, Ores, Gravel, etc. 
Screen Equipment Co. 
9 Lafayette Ave., Buffalo, N. Y. 
Vibrating Screens 
Simplicity Engineering Co. 
Durand, Mich. 
Simplicity Gyrating Screen, Simplicity 
D’centegrator, Simplicity D’watering 


ee 
Taylor-Wharton Iron & Steel Co. 
High Bridge, N. J. 
Manganese and other Special Alloy Steel 
Castings 
The Texas Co. 
135 E. 42nd St., New York City 
The Thew Shovel Co. 
Lorain, Ohio 
Power Shovels, Cranes, Crawler Cranes, 
Locomotive Cranes, Draglines. Diesel 
Electric, Gasoline. 3/8 to 2-1/2 cu. yd. 
capacities 
The Traylor Engineering & Mfg. Co. 
Allentown, Pa. 
Stone Crushing, Gravel, Lime and Cement 
Machinery 
Troco Lubricating Co., Inc. 
2728-34 N. Salmon St., Philadelphia, Pa. 
Troco Crusher Grease, Troco Safety Lubri- 
cants 
Trojan Powder Co. 
17 N. 7th St., Allentown, Pa. 
Explosives and Blasting Supplies 
The W. S. Tyler Co. 
3615 Superior Ave., N. E., Cleveland, Ohio 
Wire Screens, Screening Machinery, Scrub- 
bers, Testing Sieves and Dryers 
Warren Brothers Roads Co. 
P. O. Box 1869, Boston, Mass. or 
38 Memorial Drive, Cambridge, Mass. 
Complete plants and separate plant units 
for bituminizing all types of stone, sand 
and gravel aggregate paving mixtures 
Westinghouse Electric and Mfg. Co. 
Pittsburgh, Pa. 
Transformers, Switching Equipment, Loco- 
motives, AC and DC Motors and Control, 
MG Sets, Welding Equipment, Gear 
Motors 
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